We selected 82 u-band variable objects based on the u-band photometry data from SCUSS and SDSS, in the field of LAMOST Complete Spectroscopic Survey of Pointing Area at Southern Galactic Cap. The magnitude variation of the targets is restricted to larger than 0.2 mag and limiting magnitude down to 19.0 mag in u-band. According to the spectra from LAMOST, there are 11 quasars with redshift between 0.4 and 1.8, 60 variable stars and 11 unidentified targets. The variable stars include one active M-dwarf with a series of Balmer emission lines, seven Horizontal Branch stars containing six RR Lyrae stars matching with SIMBAD, and one giant, one AGB star and two RR Lyrae candidates by different color selections. All these variable stars mainly locate near the main sequence in the g − r vs. u − g diagram. The quasars are well distinguished from stars by both u − g color and variation in u-band.
Introduction
Recent large surveys have provided astronomers an unprecedented opportunity in the field of the time-domain astronomy. The two current large projects of Pan-STARRS (Kaiser et al. 2002) and The Palomar Transient Factory( PTF; Law et al.
-3 -by LAMOST and it can achieve a series different reflecting Schmidt systems by changing its mirror surface continuously. With 4-meter clear aperture, 20-degree 2 field of view (FOV) and 4000 fibers, it is able to simultaneously spectroscopically observe more than 3000 scientific targets in a single exposure. This highly efficient facility will survey a large volume of space (including SCUSS area) for both stars and galaxies. By taking advantage of large area and multi-object fiber of LAMOST, the spectra of u-band variables can be acquired efficiently.
The LAMOST Complete Spectroscopic Survey of Pointing Area (LCSSPA) at Southern Galactic Cap (SGC) is a LAMOST Key Project which designed to spectroscopically observe all sources (Galactic and extra-galactic) with limiting magnitude of r = 18.1 mag by selecting two 20-degree 2 FOVs at the SGC. The survey mainly aims at completeness of the LAMOST Extra GAlactic Survey (LEGAS). Meanwhile, besides of the normal galaxy survey, many scientific research fields are also included, such as the studies of galaxy clusters, luminous infrared galaxies, and time-series variable sources (u-band variables and quasars). Thus the spectral identification of u-band variable sources of LCSSPA can be treated as a precursor research in future large program.
In this paper, we identify the u-band variables by their spectra in two fields of LCSSPA. The sample selection, observation and data reduction are presented in §2. The spectral identification are described in §3. In §4, we analyze the color and spectral characteristics of u-band variables, and discuss the reliability and efficiency of quasar selection. The summary is given in §5.
Sample Selection, Observation and Data Reduction
The LCSSPA covers two 20-degrees 2 areas with central coordinates at R.A. = 37.88
• , Dec. = 3.44
• ( Field A) and R.A. = 21.53
• , Dec. = −2.20 • (Field B). These two areas are in the overlapping field of SCUSS and SDSS. Thus, we are able to take spectroscopic observation of selected u-band variables in two LCSSPA fields. The targets in the FOV are mainly constituted of stars, galaxies, quasars, u-band variables and HII regions. According to their r-band magnitude, all targets in the FOV are divided into two kinds of plate, bright (B) plate, (14.0 ∼ 16.0mag) and faint (F) plate, (16.0 ∼ 18.1mag). The observations have been conducted from -4 -Sep 2012 to Jan 2014. The Field A was observed with 5 B and 12 F plates, and Field B was observed with 6 B and 5 F plates. The raw data have been reduced with LAMOST 2D and 1D pipelines (Luo et al. 2012 which including bias subtraction, flat-fielding through twilight exposures, cosmic-ray removal, spectrum extraction, wavelength calibration, sky subtraction and exposure coaddition.
The u-band limiting magnitude of the SCUSS is ∼23.2 mag which is about 1.5 mag deeper than that of SDSS. Based on the performance of LAMOST, we have restricted u-band photometry PSF magnitude down to 19.0 mag. Then, the coordinates of all targets in the FOV are matched between the SDSS and SCUSS data within one arcsecond. The final error (σ) of the magnitude variation in u-band combines both errors of SCUSS and SDSS, and the fitting of the 3-σ errors of all targets is shown as red dashed lies in Figure. 1. Here, a criterion of 0.2 magnituse is adopted to select the u-band variable objects.
All the objects have been inspected via SDSS images and flags to eliminate those with bad photometry. The targets with any nearby objects less than 2-arcsec are eliminated too. Finally, There are 82 u-band variable sources are observed by LAMOST (see Figure1).
Identification of u-band Variable Objects

Quasar
Quasars are identified by their broad band emission lines: such as [CIV] λ1549, [CIII] λ1909, MgII λ2800, Hγ λ4340, Hβ λ4861, Hα λ6563. There is a total of 11 quasars out of 82 variable sources. The redshifts are measured manually on LAMOST spectra with at least two emission lines, including above broad emission lines and some narrow emission lines such as [OIII] λλ4959,5007. The errors of redshifts are less than 0.001. The redshifts of quasars are between 0.4 and 1.8. All the information of quasars are listed in Table 2 . Four quasars have been found in NED, among which two have also been observed by SDSS. The rest of seven quasars are newly discovered. The Figure2 shows the spectra of 11 quasars.
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Variable stars
60 u-band variable stars have been identified by their optical spectra. The rest of 11 sources are unidentified due to the low signal-to-noise rate (SNR) of spectra. Figures 3-4 show all the spectra of these stars.
The MILES library (Sánchez-Blázquez et al. 2006; Vazdekis et al. 2010 ) which contains 985 high SNR low-resolution observed stellar spectra, provides important parameters of different stellar subtypes. MILES can be used as a source of templates to cassify stellar spectra (Zhao et al. 2011) . We have used the MILES library as the spectral template to cross-match with the spectra of 60 variable stars and determine their spectral types. The template matching is mainly based on the typical spectral profile and absorption lines. There are 5 A-type, 12 F-type, 32 G-type, 6 K-type and 5 M-type stars have been identified according to the template matching.
Meanwhile, the 60 variable stars are also cross-matched with LAMOST Date Release Two (DR2) which including the stellar parameters of effective temperature, surface gravity and [Fe/H ] derived by the LASP pipeline (Wu et al. 2014 ). There are 51 objects matched and the distribution of spectral types is similar to the one derived from the use of MILES templates. Also, we have identified five M-dwarf including one active M-dwarf J022727.49+031054.8 with strong Balmer emission series (H8, Hε, Hδ, Hγ, Hβ, Hα) and [CaII] HK lines by spectral inspection.
After spectral classification, we cross-matched all these variable sources with SIMBAD (Wenger et al. 2000 ) except for quasars. There are seven Horizontal Branch stars including six RR Lyrae stars and one variable star candidate. And on the basis of color selection of RR Lyrae (Ivezić et al. 2005 ) and other variable stars (Yanny et al. 2009; Bhatti et al. 2010) , we also selected one AGB, one giant and other two RR Lyrae star candidates. Table 1 shows the criteria of color-color selection of stars. Table 2 lists the general properties of all u-band variables including their spectral types.
-6 -4. Discussion
Optical Color Diagrams
Due to warning flags in some bands of SDSS photometric data, only 39 stars, 11 quasars and 9 unidentified sources can be shown in the g − r vs. u − g diagram in Figure5 . From the diagram, the positions of variable sources show that variable stars are located near the main sequence and quasars appear at the region consistent with previous works on Stripe 82 (Sesar et al. 2007) . The variable sources which show up near the main sequence may be some eclipsing binary or some activity outbreaks (e.g. a magnetic storm in an M-type dwarf). For the unidentified sources, there is a need for follow-up observations in future studies.
In the Figure, we can see that the characteristic color of quasars is u − g ≤ 0.6 which is consistent with low-redshift quasars in SDSS (Ivezić et al. 2003) . Combining with u − g color criteria and u-band magnitude variation ≥ 0.2 mag, quasars can be almost completed identified. Of course, some variables will be missed by setting the u-band magnitude variation ≥ 0.2 mag.
Reliability of Variation
Since the u-band filter of SCUSS is slightly bluer than SDSS and the flux calibration of SCUSS-u did not consider the color term, there exists a systematic magnitude difference between SCUSS and SDSS in u-band and the difference depends on u − g color of targets. Based on the Equation 3 of Zou et al. (2015a) , the systematic differences of all the variable stars in this paper are less than 0.026 mag with u − g values from 0.8 to 2.5. If we adopt the Equation 1 of Zou et al. (2015b) , the systematic differences are less than 0.036 mag. Therefore the systematic error of variable stars is less than 0.04 mag.
Meanwhile the magnitude difference of quasars changes with the redshift. Zou et al. (2015b) showed the changes with redshift in their Figure 5 . The maximum of magnitude difference of composite quasar spectra is about 0.06 mag at redshift of 1.5 for low-redshift quasars(z < 2) and less than 0.03 mag at redshift of z < 1.5. Even considering some special quasars, the magnitude difference is less than 0.12 mag. As our -7 -quasars are all low-redshift (z < 2), only two of them have redshifts larger than 1.5. However the two u-band magnitude variations are 0.232 and 0.252 mag respectively, their variations are still much higher than the possible systematic differences.
Because the SCUSS is about 1.5 magnitudes deeper than SDSS in u-band, the photometric error of SCUSS are far below that of SDSS. The final error of magnidtue variation is dominated by SDSS. Generally, most sample variable sources have errors less than 0.05 mag, and only a few of them could reach 0.08 mag. Considering both systematic error and measurement error, it is quite safe to set a criteria of 0.2 mag to select variable sources in u-band. The variations are more than three times of measurement errors, and also much higher than systematic errors even considering the worst case.
The Spectra of Variable Stars
Most absorption lines of stars appear at the spectral wavelengths in the LAM-OST blue arm, so the SNR of blue arm is more important. However only 22 stars have SNRs of higher than 20 in blue arm, we mainly focus on the analysis of the absorption lines in these stars.
There are four RRLyr stars and one of them have three spectra obtained by different nights. The RRLyr star (Chadid & Gillet 1996 ) is a kind of pulsational variable star whose luminosity, color and radial velocity periodically vary during the pulsation. The figure6 shows the Hγ, Hβ and Hα profile of J013016.71-024240.2 in different day ( possibly different phases). In Hα spectra, it also the presents the obviously fill-in Hα emission line (Yang et al. 2014) in two nights. The Hα emission relates with the heating of shock wave at different phase (Gillet & Fokin 2014) .
Additional 10 variable stars' spectra are late F-type or early G-type, .shown in Figure7 Their spectra show [CaII]HK lines and G-band, which is caused by molecule CH(from λ4295 to λ4315), and weak balmer series features and the metallic lines. Those features are similar to the typical spectrum of G0V (Morgan et al. 1978 ).
The other 8 variable stars' spectra are late G-type and K-type star. The Gtype stars show some lines sensetive with luminosity such as the G-band of CH and SrII(λ4077) (Keenan & McNeil 1976 ). However few of our spectra stars show strong -8 -SrII feature of G-type. Furthermore the MgH(λ4780) can clearly be seen late-Ktype (Jaschek & Jaschek 1987) stars. Figure8 show expamples of a G-type star with SrII feature and a late K-type star.
Based on the steller parameters acquired from the LAMOST DR2, most of variables are main sequence stars and this is consistent with the result in the colorcolor diagram.
4.4.
The Method and Efficiency of Quasar Selection Sesar et al. (2007) employed the multi-color method to select the variable sources in Stripe 82. More than 95% of them are low-redshift quasars, RR Lyrae stars and main sequence stars. Due to the field of stripe 82 has multi-time observations, Bhatti (Bhatti et al. 2010 ) has utilised the light-curve to study the variable sources and these variable sources include quasars and periodic variables(e.g. eclipsing binary systems, RR Lyrae and Delta Scuti candidates). Schmidt et al. (2010) parameterized the single-band variability by a model of the light-curve to select quasars at 2.5 < z < 3.0 with high efficiency. Peters et al. (2015) combines color and variability information to select quasars and the method effictivly improves the selection of the quasars at 2.7 < z < 3.5. Though Pan-STARRS1(PS1) survey provides multicolor(grizy) observation, it is not quite efficiency to select quasars in lower redshift without u-band. However the varibility from multi-epoch observations will greatly increase the efficiency (Morganson et al. 2014 ).
In all, combining with both multi-color and variability will provide a high efficiency method to select quasars. However we only have two-epoch with gap of four to twelve years (Table 2) and we can only obtain the variation instead of variability of sources. Fortunately, most quasar present the variation in timescale of years (Sesar et al. 2007 ) and u-band is very sensitive to the variation of quasar at lower redshift. With criteria of u − g ≤ 0.6 and magnitudes difference ≥ 0.2 mag in u-band, we identified 11 quasars from 12 candidates by LAMOST spectra, with an efficiency of 91.7%. At high galactic latitude of LCSSPA, sources with u − g ≤ 0.6 are mainly quasars and white dwarfs. Because the variation of white dwarfs are too small to reach 0.2 mag, we believe the left one is still a real quasar. To explian the critical role of variation in u-band, we compare the efficiency by only u − g selection -9 -at the same field. With u − g ≤ 0.6, we have 155 sources with LAMOST spectra. Except the 59 unidentified sources, we identified 48 quasars. The efficiency to select quasars is only about 30%. Though the sample may be not enough to give the true efficientcy of the method, it is a quite efficient way. However, we missed most quasars in this field. The possible reason is that many quasars could have variation far less than 0.2 mag at the two-epoch in u-band. The quasar selection with two-epoch variation more than three times the photometric errors (Zou et al. 2015b ) in overlapping field of SCUSS and SDSS at the South Galactic Cap would overcome part of our uncompleteness.
In recent future, many multi-epoch survey programs would focus on variable sources. However, all these surveys (such as PS1, LSST, etc on) do not include uband. Therefore, the u-band of both SCUSS and SDSS is an unique and important band to help us to separate the quasars (z < 2) and variable stars by criteria of either color or variation.
Summary
In this paper, we selected a sample of 82 u-band variables in the region of LCSSPA based on criteria of u-band magnitude variation ≥ 0.2 mag and the SCUSS u-band magnitude brighter than 19.0 mag. After spectral identification, there are 11 quasars with redshift between 0.4 and 1.8, 60 variable stars and 11 unidentified sources. Among the variable stars, there is one active M-dwarf, which present a series of strong Balmer emission lines; There are seven HB star including six RR Lyrae stars and one variable star candidate matching with SIMBAD; one AGB, one giant and two RR Lyrae candidates by multi-color diagnostic tools. Basing on the analysis of the reliability and efficiency, we conclude that the criteria of both u − g ≤ 0.6 and u-band variation above 0.2 mag is quite an efficiency to select quasar at redshift less than 2. 
